Introduction
Actinomycosis is a rare pathology. It is a chronic granulomatous disease caused by gram-positive anaerobic bacteria from the genus Actinomyces. Humans are the natural reservoir and under physiological conditions these bacteria colonize the mouth, colon, and urogenital tract. Infection usually occurs only after disruption of the mucous membranes, causing invasion of adjacent tissue and forming masses with characteristic sulfur granules. Actinomycosis involves three areas mainly. The most common is the cervicofacial area (40%-50%), followed by the abdominopelvic (20%) and finally the thoracic area (15%) (1) (2) (3) .
Abdominal actinomycosis (AA) is usually insidious, can affect all organs, and simulates pathologies such as diverticulitis, appendicitis, inflammatory bowel disease, and malignant tumors, among others (4) .
The preoperative diagnosis is difficult to achieve, and patients are most frequently diagnosed after surgery.
Antibiotic treatment with penicillin is the preferred choice and the duration is very variable (5) .
The aim of this study was to characterize patients diagnosed with AA and to establish the risk factors for appendiceal actinomycosis (APA) due to the high frequency of appendiceal involvement in our series, including a short review of the literature.
Materials and methods
A descriptive cohort study of all patients diagnosed with AA at the University Hospital Marqués de Valdecilla (Santander, Cantabria), was performed between 1 January 2003 and 31 December 2013 to provide a current characterization of the syndrome. The University Hospital Marqués de Valdecilla is a tertiary hospital with 900 inpatient beds that provides general and emergency services to a health area of 300,000 patients.
Epidemiologic data as age, sex, and reason for admission were recorded. Antecedent risk factors of Background/aim: Actinomycosis is a granulomatous disease caused by filamentous, gram-positive, anaerobic bacteria. Actinomycetes are commensal inhabitants of the oral cavity and intestinal tract but acquire pathogenicity through invasion of breached or necrotic tissue. In abdominal actinomycosis (AA), the appendix and ileocecal region are usually involved. The aim of this study was to characterize patients diagnosed with AA and to establish the risk factors for appendiceal actinomycosis, including a short review of the literature. dental manipulation, recent abdominal surgery, presence of intrauterine device (IUD), perforation of hollow viscera, solid organ cancer, positive HIV serology, and immunosuppression as recipient of transplant or corticosteroid therapy were noted. Clinical data and the location of the AA, as well as the analytical parameters (C-reactive protein, procalcitonin, white blood cells, erythrocyte sedimentation rate, and hemoglobin), were also collected. Finally, the diagnostic method, if it was done in the preoperative or postoperative period, and the treatment received, expressed as type and duration of antibiotherapy, were also recorded.
Results
A total of 13 patients diagnosed with AA were treated between 1 January 2003 and 31 December 2013. Mean age at diagnosis was 48.6 ± 22.9 years and 8 (61.5%) were men. Ten patients came from the Departments of General Surgery, two from General Medicine, and one from Nephrology. All data are provided in Table 1 .
No patient needed admission to the Intensive Care Unit. Stays in the hospital were 14.85 ± 17.1 days. Patients had the following antecedents: solid organ cancer (n = 3), hollow viscera perforation (n = 1), solid transplant (n = 1), abdominal surgery in the last month (cholecystectomy) (n = 1), and HIV infection (n = 1). No dental manipulations were found. In the previous 3 months three patients had received antibiotherapy and one patient also corticosteroids. The most frequent abdominal site of AA was the appendix (38.5%). The descending colon and sigma were affected in 30.7% of the patients. The ascending colon and ileum, spleen, subcutaneous fat, and mesentery were affected in one patient each. Mean values of C-reactive protein, hemoglobin, and hematocrit at the moment of diagnosis were 7.4 ± 7.2 mg/dL, 11.9 ± 2.3 g/ dL, and 35.4 ± 6.2%, respectively.
The final diagnosis was reached through histological methods in 11 patients based on histologic identification of actinomycotic sulfur granules, with gram-positive bacilli radiating from these granules. Diagnosis confirmation by sample culture was reached in two of them. The remaining cases were negative.
Surgery was performed for all patients. Antibiotherapy was recorded in 5 patients receiving antibiotics (penicillins) for 11 days, 14 days, 12 months, and 18 months for each patient respectively. No reinterventions or deaths were recorded during follow-up. Risk factors for APA were no antecedents of cancer (OR 4.9, P = 0.034) and a previous wrong diagnosis of appendicitis (OR 7.6, P = 0.006), as shown in Table 2 .
Discussion
AA is an infrequent invasive bacterial disease caused by bacteria from the genus Actinomyces, mostly frequently Actinomyces israelii. Isolated cases of abdominal actinomycosis are usually reported in the literature (6) (7) (8) (9) (10) (11) (12) . However, as it is an uncommon abdominal infection, there are not any large series of patients with this diagnosis reported. We present the largest series of patients diagnosed with AA in the last 20 years.
AA has a very nonspecific and variable presentation, mimicking acute appendicitis, diverticulitis, malignant tumor, tubo-ovarian abscesses, and bowel obstruction most commonly (13) . The appendix, cecum, and transverse colon are the most prevalent abdominal sites of actinomycosis, which can occur weeks to years after gastrointestinal mucosa disruption (14) .
Fever, leukocytosis, and abdominal pain are usually observed in these patients, as in our series. Due to the nonspecific symptoms and the similarity with other frequent pathologies, AA is often forgotten in the first presumptive diagnosis (15) .
Previous surgery, inflammatory and neoplastic processes, and presence of a longstanding IUD are reported risk factors that physicians have to be aware of when suspecting actinomycosis (16) . The most prevalent morbidity that we found was neoplastic processes. Even if the number of patients was small, the previous incorrect diagnosis and the absence of carcinoma was associated with developing involvement of the appendix.
Radiologic findings have been reported to suggest the diagnosis, like large solid infiltrative masses with focal areas of attenuation invading the adjacent tissues revealed by CT scan with contrast enhancement. Particularly for appendiceal actinomycosis, wall thickening and periappendiceal inflammation has been described, and, although it can reveal acute appendicitis, actinomycosis should be included in the differential diagnosis (17, 18) . Therefore, CT must be considered an important diagnostic tool as far anatomical location, extent of the disease, and effectiveness of treatment is concerned.
Preoperative diagnosis is difficult to achieve because bacterial cultures and pathology are the key to diagnosis. Maybe through colonoscopy and histological examination of endoscopically acquired specimens or through CTguided aspiration diagnosis can be achieved, but in most cases this is not enough (19) . Prolonged bacterial cultures in anaerobic conditions are necessary for identification of the bacterium, but this still remains sterile in more than 50% of cases. In our series, the majority of cases were finally diagnosed histologically. The presence of yellow color formations 0.1-1 mm in size, called sulfur granules, is often pathognomonic (20) .
Consequently, surgery is usually performed. In all of our patients the definitive diagnosis was made postoperative by histological examination in the majority of cases. That could be interpreted as a lack of effectiveness, but considering that surgery enables the debridement of necrotic tissue, the removal of persistent sinuses, and a definitive diagnosis, it can also be valuable as a therapeutic adjunct. Recent studies also have shown that surgery allows for shorter time of antibiotic therapy (21) . Penicillin G or amoxicillin are the preferred choices, with low resistance of Actinomyces. In patients who are allergic to penicillin, other options include tetracycline, erythromycin, doxycycline, and clindamycin. Usually high doses for a prolonged time are required, from 6 to 12 months, unless optimal surgery with resection of infected tissues has been performed (22) .
No deaths were found in our series. It seems not to be an aggressive disease, but physicians have to be suspicious of this entity in order to provide a correct treatment and to avoid unnecessary surgical intervention. More studies are needed to characterize the patients affected by AA and to establish the correct treatment. 
